-and Br -has been evaluated by TG analysis. The kinetic parameters ; activation energy (E), pre-exponential factor (A) and entropy of activation (∆S) were calculated by using CoatsRedfern equation. This study shows that the thermal decomposition kinetics has been controlled by the ligand field as well as the counter anions.
Introduction
Because of their wide applications, and various coordinating possibilities, Schiff bases derived from antipyrines have been used by many investigators. [1] [2] [3] [4] [5] They exhibit a variety of physiological activities, [6] [7] [8] [9] and also used as potentiometric sensors for the detection of specific metal ions. 10 There are some reports on antipyrine Schiff base metal complexes, 3 while there are only a few on their thermal decomposition kinetics. 11 In our earlier reports, we have proved that the counter anions have played a marked role on thermal decomposition kinetics of the complexes. 5, 6, [12] [13] [14] [15] [16] Here in the present study, both ligand field and counter anionic effects were taken in to consideration on the comparative investigation of the thermal decomposition kinetics. Thus, a comparative investigation has been done on kinetics of thermal decomposition on 1,2-bis(imino-4'-antipyrinyl)ethane and 4-N-(4'-antipyrylmethylidene) aminoantipyrine Cu(II) complexes ( 
Experimental
Both the Schiff bases and the copper(II) complexes of the present study, were synthesized as reported elsewhere. 3 The Schiff bases GA and AA were prepared by a simple condensation reaction between 4-aminoantipyrine and the respective aldehydes, glyoxal and 4-antipyrine-carboxyaldehyde (Fig.1&2) 3 . Thermogravimetric analysis has been done in a nitrogen atmosphere with exactly 10 mg of sample with the heating rate of 10 °C/min on a Delta Series TGA 7 instrument and thermal decomposition kinetics were evaluated by a computer program in QBasic.
complexes while an octahedral geometry for the others (Fig.3) . For the Cu(II) complexes of AA, the ligand coordinates via one of the carbonyl oxygens and imine nitrogen in perchlorate, nitrate and chloride complexes while through both the carbonyl oxygens and imine nitrogen in the bromide complex. Both the counter anions remain non-coordinated in perchlorate, nitrate and chloride complexes and one of the bromide is coordinated in the corresponding complex, generating a square planar geometry in all the complexes (Fig. 4) . But, AA coordinates in a tridentate mode in bromide complex, via both carbonyl oxygens and the azomethine nitrogen, and also coordinated through one of the bromide anions, thus, generating a square planar geometry (Fig.4) . The thermograms of the eight complexes is shown in the Figures 5-12. 
Results and Discussion
Based on the elemental analysis, molar conductance in non-aqueous solvents, molar magnetic moments, infrared, electronic and EPR spectral studies 3 
Principle
The thermal stability of solid state materials can be investigated by non-isothermal thermogravimetric analysis. In this method, the kinetic parameters can be arrived continuously over an entire range of temperature. The following concept has been used to derive kinetic equation from thermal decomposition reactions.
where K = specific rate constant, a = amount of sample undergoing reaction, f(a) = conversion function.
For a linear heating rate φ, T = T 0 + φt Where, T 0 -temperature of initiation
Substituting (2) in (1) 
The specific rate constant K, which is temperature dependent can be expressed by the Arrhenius equation
.... (4) where A = pre-exponential factor, E = energy of activation, R = gas constant and T = temperature in Kelvin scale.
.... (5) On integration, taking initial temperature as zero, this assumption is correct as no reaction occurs between T = 0 and T = Ti. (7) where g(a) is the conversion integral.
The temperature integral can be evaluated by Coats and Redfern equation 18 with Rainville function. 19 The temperature integral t is
On plotting L.H.S. of the equation against 1/T, will be a straight line, from the slope and intercept, we can calculate the energy of activation (E) and the pre-exponential factor (A).
The entropy of activation (∆S) can be calculated by the following equation. 
Phenomenological Aspects
The phenomenological aspects of the complexes under study are given in tables 1 and 2.
Complexes of GA
The perchlorate complex decomposes in three stages. The first stage which starts at 137°C and ends at 266°C having a DTG peak at 220°C, corresponds to the mass loss of 30.90 % due to the decomposition of half of the GA molecule. 14 This observation has been confirmed by IR spectra of the intermediate residue. The thermal decomposition stage between (266-513°C) with mass loss of 18.75 % with DTG peak at 350°C is due to the decomposition of the two perchlorates in to chlorides. The third stage, which starts at 513°C is a continuous one, can be due to the removal of the remaining half of the ligand molecule together with the volatilization of anhydrous copper chloride above this temperature. 20 The nitrate complex [Cu(GA)](NO 3 ) decomposes in two stage between 228-611°C. The first stage corresponds to a mass loss of 43.57 % between 228-464°C with a DTG peak at 245°C is due to the removal of half of the ligand molecule and one nitrate ion. The second stage which starts at 464°C and ends at 61°C, with a mass loss of 44.28 % was owing to the decomposition of the residual half of GA and nitrate ion. The corresponding DTG-peak is observed at 561°C for this stage. The decomposition gets completed at 611°C yielding anhydrous copper oxide as the final product as confirmed,qualitatively.
The chloride complex, [Cu(GA)Cl 2 ] decomposes in two stages. The first decomposition stage between 178-427°C with a DTG-peak was at 348°C. Removal of half of the molecule of GA occurs at this stage with a mass loss of 38.08 %. The above observation is confirmed by the IR spectrum of the intermediate residue at 427°C. The thermal decomposition, which is happening above 427°C is a contentious one, which can be due to the decomposition of the residual ligand molecule along with the volatilization of anhydrous cupric chloride formed at this stage.
[Cu(GA)Br 2 ], the bromide complex decomposes in two stage in the temperature ranges 197-492°C and 492-893°C respectively. In the first stage a mass loss of 32.74% occurs, owing to the removal of the half of the GA molecule and this observation is confirmed by the IR spectral analysis of the intermediate residue.
The corresponding DTG peak is observed at 297°C. In the second stage also the same observation like that of the first stage is repeating i.e. the removal of the remaining half of the ligand molecule. The DTG peak for this stage occurs at 684°C. The decomposition completed at 893°C leaving final residue of cupric bromide.
Complexes of AA
The complex, [Cu(AA) 2 ](ClO 4 ) 2 , decomposes in two stage, between190-615°C. The first decomposition stage of occurred between 190-328°C with a DTG peak at 314°C, owing to the mass loss of 43.47% was due to the decomposition of one ligand molecule 
Kinetic Aspects
Kinetic parameters like activation energy (E), preexponential factor (A) and entropy of activation (∆S) for the thermal decomposition of copper(II) complexes of both GA and AA are given in Table 3 .
Complexes of GA The activation energy (E) for all well-defined stages, varies from 33.98 to 63.08 kJ mol -1 for first stage, while for second stage the activation energy varies from 40.86 to 140.72kJ mol -1 . In all cases higher second stage activation energy has been observed, except for the perchlorate complex. On comparing the first stage activation energies, the perchlorate complex is most, while the bromide complex is least stable among the series yielding the order of stability Perchlorate > Nitrate > Chloride> Bromide. For the second stage, the respective trend is, Nitrate > Perchlorate > Bromide. The same trend cannot be observed in the case of other kinetic parameters like pre-exponential factor (A) or entropy activation (∆S). [12] [13] [14] [15] [16] . Generally, copper(II) complexes of AA was found to have higher activation energy as comparing that of complexes of GA. Comparing the various kinetic parameters, copper(II) complexes of AA was found to be more stable than that of GA.
Complexes of AA
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